Purpose Both epidemiological and genetically informative studies indicate that shared environmental influences contribute to resemblance in siblings for drug abuse (DA). To what degree do these influences arise from living in the same household versus residing in the same community? Methods We performed a cross-classified multi-level logistic regression on all individuals born in Sweden 1975Sweden -1990Sweden (N = 1558. We assessed the proportion of the total population variation in DA that was due to household versus community effects controlling for genetic resemblance. DA was assessed from medical, criminal and pharmacy records. Results Expressed as an intraclass correlation (ICC), the combined household/community effects accounted for *8 % of the total population variation in DA. The variance attributed to the community was greater than that seen for household (4.5 versus 3.4 %). In males, the variance components were slightly larger and nearly equal at the community (5.3 %) and household level (5.1 %). In females, household effects (4.8 %) were stronger than those arising from the community (3.2 %). Conclusion In the total population and among males, community effects on DA were somewhat more potent than household effects. However, in females, household effects on DA were stronger than community effects. In Sweden, shared environmental effects for DA arise both at the household and at the community level. Community effects on DA are more potent in males than in females.
Introduction
Drug abuse (DA) is a public health problem of worldwide significance [1] . While prior twin and adoption studies have consistently shown that genetic factors contribute to risk for DA [2] [3] [4] [5] [6] [7] , three lines of evidence also suggest important environmental influences. First, psychiatric epidemiological studies over the last 75 years have consistently found that rates of DA are strongly related to community-level deprivation, poverty and peer deviance [8] [9] [10] [11] [12] . Recent studies have suggested that this association is at least partly causal [13] [14] [15] . Second, genetic epidemiological studies including twin [2, 3, 5, 6, 16] , adoption [7] and sibling designs [16, 17] have all suggested that ''familial'' or ''shared'' environment contributes to DA risk. Third, clustering within neighborhoods and schools has been shown for the use of a range of illicit psychoactive substances [18] [19] [20] .
The goal of this study is to follow-up on earlier investigations of geographical clustering of psychoactive substance use by studying DA instead of use, comparing environmental effects arising at the level of the household and at the level of the community and, importantly, controlling for the impact of familial/genetic resemblance which has not, to our knowledge, been performed previously in such studies.
Methods
We use linked data from multiple Swedish nationwide registries and healthcare data via the unique individual Swedish ten-digit personal ID number assigned at birth or immigration to all Swedish residents. This ID number was replaced by a serial number to preserve confidentiality.
The following sources were used to create our database: the Total Population Register, containing annual data on family, and geographical status; the Multi-Generation Register, providing information on family relations; the Swedish Hospital Discharge Register, containing all hospitalizations for all Swedish 1960, 1965, 1970, 1975, 1980, and 1985 . A household refers to the person or group of persons who lived in the same dwelling so that we could distinguish individuals living in the same apartment in a multi-apartment dwelling. Each household has its own ID number. Geographical status was defined as Small Areas for Market Statistics (SAMS) that are small geographical units defined by Statistics Sweden, the Swedish government-owned statistics bureau. There are 8766 SAMS throughout Sweden, with a mean (SD) of population size of 938 (1141) 31 December 1990 (N = 1558,654). We exclude individuals without mother, father, paternal/maternal grandparents, household or SAMS information included in the registers (N = 349,216). The outcome measure that we examine on an individual level is DA that is measured during the period from 1 January 1991 to 31 December 2011 and considered binary.
In the database, we categorize individuals into several different classifications: household, SAMS, ID based on mother and father (defines full-siblings), ID based on mother (defines full and maternal half-siblings), ID based on father (defines full and paternal half-siblings), and IDs based on same maternal grandmother, maternal grandfather, paternal grandmother, and paternal grandfather (all of which define individuals who are at least first cousins).
To study the importance of household and SAMS for understanding individual variation in DA, we used crossclassified multi-level logistic regression. Such a model comprises individuals nested within a cross-classification of two or more different hierarchies. The cross-classified model enables us to take into account influences on the total individual variance coming from different classifications. To simplify the models, we excluded MZ twins, first cousins and paternal half-siblings who shared the same household or the same SAMS (N = 119,498), leaving a sample size of 1089,940. This was necessary to produce a tractable model that included four different classifications for each individual: household, SAMS, ID based on mother, and ID based on mother and father. Because we excluded MZ twins, paternal half-siblings and first cousins, all the genetic effects that could contribute to the variance components for households and SAMS are captured by the two other classifications: ID based on mother (which will identify maternal half-siblings) and ID based on mother and father (which will identify full siblings). We conduct one model for the entire sample (N = 1089,940), and one model each for males (N = 549,915) and females (N = 520,216).
We present the variance components attributed to the different classifications together with a 95 % credible interval (CI). Measures of variance and clustering allow us to identify the environmental level on which contextual influences operate on DA risk. For example, the greater the degree of resemblance for DA status of individuals within the same household (controlling for genetic resemblance), the more likely environmental factors shared by individuals with the same household impact on liability to DA.
We also present the intraclass correlation (ICC) that can be interpreted as the proportion of the total residual variation in DA that is due to differences between classifications. To calculate the ICC, we use the latent variable method [21, 22] , which assumes the existence of a latent individual variable that follows a logistic distribution with a variance equal to 3.29 (p 2 /3). The ICC is then only a function of the variance due to the classifications and does not directly depend on the prevalence of DA [23] . The ICC is, therefore, measured on the logistic scale and the cluster and individuals effects are assumed additive. We present three ICCs: ICC SAMS , ICC Household and ICC SAMS ? Households . The ICC SAMS tells us how much of the individual variation in DA that can be attributed to the SAMS level (when genetic and household effects are taken into account) and it is calculated according to the following formula:
The ICC Household tells us how much of the individual variation in DA that can be attributed to the household level (when genetic and SAMS effects are taken into account) and it is calculated according to the following formula:
The ICC SAMS ? Households tells us how much of the individual variation in DA that can be attributed to the household and SAMS level (when genetic effects are taken into account) and it is calculated according to the following formula:
All analyses are performed using the WinBugs software [24] and the MCMC procedure in MLwiN software [25] . We store the results from each step in the iteration procedure, which gives us a distribution of the parameters of interest, and from this distribution we calculate the median and corresponding 95 % CI.
Results
In the full sample (N = 1558,654), 4.0 % of the individuals were registered for DA ( in females). The rates were identical for the more restricted sample we use here for analysis (N = 1089,940). The mean percentages of DA in the 8766 SAMS areas of Sweden and the 636,202 households were 4.0 (SD 4.6) and 4.1 (SD 17.2), respectively. Table 1 provides the tetrachoric correlations for DA of individuals as a function of their genetic relationship and cohabitation history. Unrelated individuals residing in the same household or the same SAMS but not the same household had very similar and modest correlations for DA (*?0.05). Among full and maternal half-siblings, resemblance was higher for pairs residing in the same household compared to those living in different SAMS. (The numbers of full and maternal half-siblings living in the same SAMS but different households were too small to produce stable estimates). Table 1 also presents results separately for male-male and female-female pairs. For male-male pairs, the correlation for non-related individuals in the same SAMS is modestly higher than the correlation for non-related individuals in the same household. In female-female pairs, no difference is seen in correlation between these types of pairs. In male-male full and maternal half-sibling pairs and in female-female full-sibling pairs, resemblance for DA was greater for those living in the same household than in different SAMS. In maternal half-siblings, the reverse pattern is seen but these estimates are known imprecisely. Table 2 illustrates the results from the cross-classified multi-level logistic model. The variance in DA at the level of SAMS is somewhat greater than the variance at the level of the household. Specifically, of the total variance attributable to SAMS and household, SAMS contributes 57 % and household 43 %. When translating the variances into the ICC, the combined household/SAMS variance accounts for 8 % of the total individual variation in DA. Of note, the genetic part of the model (Variance MotherID and Variance Mother&FatherID) accounts for 4.4 times as much variation than households. a The intraclass correlation (ICC) is a function of the variance components in the analysis as shown by the formulas above. In order to calculate the 95 % credible intervals we stored the results from each step in the iteration procedure (150,000 iterations after a burn-in phase of 1000 iterations), which gave us a distribution of the parameters of interest, and from this distribution, we calculated the ICC at each step of the iteration procedure and we present the median value and corresponding 95 % CI For males, the variance for SAMS is similar to the variance for households. Of the total variation that is attributed to SAMS and household, SAMS contributes 51 % and household 49 %. When translating the variances into the ICC, the combined household/SAMS variance accounts for 10.4 % of the total individual variation in DA. The genetic part of the model accounts for 3.7 times as much variation as households.
For females, the variance for households is higher than the variance for SAMS, even though their 95 % CIs overlapped. Of the total variation that is attributed to SAMS and household, SAMS contributed 40 % and household 60 %. When translating the variances into the ICC, the combined household/SAMS variance accounted for 8 % of the total individual variation in DA. The genetic part of the model accounts for 4.4 times as much variation than households.
We replicated our results excluding maternal half-siblings instead of paternal half-siblings living in the same household and same SAMS. The results were very similar. In these models, the variance components for SAMS and household are 0.25 and 0.21, respectively (versus 0.26 and 0.20 excluding paternal half-siblings). We also replicated our results in a sample using only individuals born over a 5-year internal (1985) (1986) (1987) (1988) (1989) (1990) ) rather than a 15-year interval (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) . Results were again very similar. For example, in these models, the variance components for SAMS and household were 0.25 and 0.20, respectively.
Discussion
The goal of this report was to assess the relative influences on the clustering of cases of DA of living in the same households versus residing in the same community. To address this question, we developed a modified multi-level model that permitted us to examine household and community effects, controlling for the impact of genetic effects on resemblance for DA.
We found in the total Swedish population, born 1975-1990, substantial effects on the clustering of cases of DA, controlling for genetic effects, of both residence in the same household and living in the same SAMS area. In both the total population and among males, community effects on DA were modestly stronger than household effects. However, in females, household effects on DA were stronger than community effects. We would conclude from these findings that in Sweden, shared environmental effects for DA arise both at the household and at the community level. Furthermore, community effects on DA are more potent in males than in females.
These results are consistent with several prior lines of evidence. We are aware of one prior twin study that examined both familial-environmental and school-based effects on substance use in adolescent Finnish twins [26] . Controlling for genetic effects, school-based effects were substantial for both drinking and smoking. For smoking and regular alcohol consumption, family effects were moderately stronger than school effects. However, for drinking with friends without adult supervision, school effects were stronger than familial-environmental effects [26] .
Several lines of evidence suggest that compared to females, males are more motivated to use psychoactive substances to conform to subgroup values and are more influenced by peers in their intake of drugs [27, 28] . In a relevant Swedish high-school student survey, Svensson [29] found that males had higher exposure rates to deviant peers than females because parents of girls monitored their behavior and friends more closely than did the parents of boys. He also found that the probability of drug use was more strongly predicted by peer deviance in males than in females [29] . Both more frequent exposure to peer deviance and a greater impact of that exposure on drug use in males versus females would likely translate into stronger community influences on DA risk in young men than in young women.
Our present findings are also congruent with three of our previous efforts to address the question of shared environmental influences on DA in Sweden. First, we found that resemblance for DA in sibling pairs is greater for those closer to one another in age [17] . These findings likely result, at least in part, from greater co-socialization with community peers in closer aged siblings. Second, using standard twin modeling, we found stronger evidence for shared environmental effects of DA in males versus females [16] . Third, we found in male-male full-and halfsibling pairs, resemblance in risk for DA was predicted by years of living together in the same household and to a slightly weaker extent by years of residing in the same community but not the same household. We then examined the same effects in female-female half-and full-sibling pairs and found that they were present but weaker than those observed in the male-male pairs [16] .
Limitations
These results should be interpreted in the context of six potentially important methodological limitations. First, we detected subjects with DA from medical, legal and pharmacy records, a method that does not require accurate respondent recall. However, such data likely contain both false negative and false positive diagnoses, the frequency of which we cannot easily estimate. An epidemiological study of DA conducted in neighboring Norway, which has similar rates of drug use and abuse to Sweden [30, 31] , found lifetime prevalence rates of DSM-III-R [32] DA similar to those found using our registry based methods [33] . Marked under-ascertainment of DA in our sample is, therefore, unlikely. Furthermore, the validity of our assessment methods for DA is supported by the very high ORs (mean 2.2 [7] ) for registration for DA across our different registry sources.
Second, while the household is a naturally defined unit, the geographical boundaries of the SAMS, while generally set to reflect natural community boundaries, were to some extent arbitrary and set for administrative reasons. It is possible that other criteria, such as municipalities, school districts, or geographic units centered on individuals' residences, might have done a superior job of capturing community-level influences. However, despite what might be less than ideal boundaries, the SAMS units in our analyses indeed captured a substantial collective influence on risk for DA. Furthermore, the interpretation of variance is constrained by time and geographical location [34] [35] [36] , so that the results only pertain to the population in Sweden in 1990.
Third, we cannot rule out the possibility that the household/SAMS effect might vary for different types of individuals [37] . But as the information at the household level was rather sparse, a further stratification beyond gender would likely be uninformative. The comparison between males and females might also have been more appropriate within the same model. However, due to convergence problems, we chose to analyze results for males and females separately.
Fourth, we could not rule out that clustering of DA within SAMS areas might be influenced by extraneous factors such as differences in rates of conviction for drugrelated offenses or in diagnostic practices of local physicians. To partly examine this possible bias, we repeated the analyses presented removing cases of DA identified only through the crime register. The combined ICC for household and SAMS remained high (8 %) , suggesting that the clustering we present could not arise due to police practice.
Fifth, might some of the concentration of DA within SAMS areas result from self-selection of high risk families (e.g., positive gene-environmental correlation)? If this was the case, we would expect that those moving into a SAMS should have similar rates of DA to those that already live in the area. That is, DA should not cluster more strongly in families residing for a longer period of time in a SAMS. To evaluate this hypothesis, we estimated a model for the parents of the probands in our sample and investigated if the clustering of DA was higher for those residing at least 5 years in the area compared to those who had resided less than 5 years. The results were opposite to what would be expected if self-selection had a major influence on our results. The ICC for DA in parents for those who had lived 5 years or more was as high as 12 %, while for those who had lived in the area for less than 5 years was only 7 %.
Finally, our analysis did not account for age composition of the households and SAMS areas. As a result, it is possible that residual compositional confounding [38] might explain the variance we detected in our study. It should also be noted that the information on households and SAMS are measured when the individuals are between 0 and 15 years old, while DA is measured when the individual is 15 years or older, suggesting that the follow-up time is between 6 and 21 years. However, using only individuals born over a 5-year interval produced very similar results. It should also be noted that the SAMS effect was attenuated the longer the follow-up; the ICC for SAMS when using DA registration during 1990-2000 as outcome was 11 %, while the ICC for SAMS using DA registration during 2001-2011 as outcome was 7 %. This can be both due to the fact that the prevalence of DA increased over time [39] , but also due to the fact that individuals could move during follow-up. Nevertheless, the ICC for SAMS was still strong, suggesting noticeable clustering of DA within SAMS areas.
Conclusion
Using a statistical method that controlled for genetic effects, we showed evidence for appreciable clustering of DA cases in Sweden both within households and within small communities. These results suggest that several distinct environmental mechanisms underlie shared environmental effects on risk for DA that have been previously detected in Sweden using more conventional twin and adoption methods in Sweden [7, 16] . Some of these, such as premature loss of parents, the quality of parent-child relationships, parental monitoring, sibling effects, and religiosity-all of which have been shown to impact on risk for DA [7, [40] [41] [42] [43] -likely act largely at the level of the household. Other important influences, including drug availability and peer effects-which also impact substantially on drug use and abuse [44, 45] -are probably operating at the level of the community. As we have argued elsewhere [16] , just as molecular genetic methods are now being used to clarify, at a more mechanistic level, the impact of genetic risk factors for psychiatric and drug abuse disorders, social epidemiological analytic tools need to be applied to aggregate environmental effects to clarify at a more specific level their mode of action. Finally, the statistical tools we developed here have wide applicability to other disorders and similar epidemiological data sets. It would be of particular interest to determine, for a range of psychiatric and substance use disorders, how they differ in the proportion of variance arising from household and community effects.
